, "Exploring the stability and residual response versus scan angle effects in SNPP VIIRS sensor data record reflectance products using deep convective clouds," J. Appl. Remote Sens. 12(3), 034006 (2018), doi: 10.1117/1.JRS.12.034006. Suite (VIIRS) on Suomi National Polar-orbiting Partnership satellite are calibrated using solar diffuser and lunar observations. To evaluate the performance of the VIIRS RSB calibration, the deep convective clouds (DCC) are utilized as invariant targets to assess the stability of NASA's VIIRS sensor data record (SDR) reflectance product for 10 moderate resolution bands (M-bands, M1 to M5 and M7 to M11) and three imagery resolution bands (I-bands, I1 to I3). All the frames along with each scan are divided into six aggregation zones for the scan angle. An empirical bidirectional reflectance distribution function (BRDF) correction is performed to SDR reflectances over DCC to reduce the scattering anisotropy in view and solar angles. The BRDF-corrected reflectances are used to assess the stability and to explore the residual RVS effects for selected bands. Results of this study show that after more than 6 years of on-orbit operation, the use of the prelaunch-based RVS still meets the radiometric requirement for the VIIRS RSB. Examination of the small but noticeable RVS residuals indicates they occur in a few shortest wavelength bands based on a time-dependent quadratic fit of the reflectance trends obtained at all scan angle zones. As the mission continues, continuing monitoring of on-orbit RVS stability and its effects on VIIRS SDR reflectance products are necessary with the DCC technique in the future VIIRS calibrations to ensure the quality of the RSB SDR products.
Introduction
The Joint Polar Satellite System (JPSS) was established in 2010 as a result of a restructuring the National Polar-orbiting Environmental Satellite System to provide continuity of critical observations for NOAA's polar-orbiting operational environmental satellite system (POES). 1 The Suomi National Polar-orbiting Partnership (SNPP) satellite serves as a gap filler between the POES satellites of JPSS due to schedule delays. 2 The Visible and Infrared Imaging Radiometer Suite (VIIRS) is one of the five key instruments onboard the SNPP satellite launched on October 28, 2011. VIIRS was developed based on a long heritage of legacy operational and research instruments, which dates back as early as the late 1970s. Key heritage instruments include advanced very high resolution radiometer onboard NOAA, 3 operational linescan system onboard Defense Meteorological Satellite Program, 4 and moderate resolution imaging spectroradiometer (MODIS) on Terra and Aqua. 5 VIIRS provides calibrated top of atmosphere (TOA) radiance, reflectance and brightness temperature sensor data records (SDRs) for weather and climate applications similar to its predecessors. the HAM as previously observed Aqua and Terra MODIS scan mirror. 17 VIIRS HAM degrades much slower than the MODIS instruments at the short wavelength VIS bands 18 because VIIRS HAM is inside the instrument and the scan mirrors on MODIS directly face the Earth's surfaces. 18 In the current VIIRS calibrations, only the instrumental degradation F-factor is considered time-dependent; the prelaunch measured RVS is used as constant over time, which might not be adequate. To monitor the performance and effectiveness of the VIIRS RSB on-orbit calibrations, pseudoinvariant targets such as deep convective clouds (DCC), [19] [20] [21] deserts, and Dome-C [22] [23] [24] [25] are used to track the long-term stability and residual RVS effects in VIIRS SDR products. Previous studies using the DCC technique (DCCT) have been carried out to assess the stability of the VIIRS SDR products for RSB and sensitivity of VIIRS DCCT to different DCCT parameters. [19] [20] [21] [22] [23] In this study, DCCT is utilized to assess the performance of the current VIIRS calibrations using the reflectance in LSIPS VIIRS SDR product for 10 M-bands (M1 to M5 and M7 to M11) and three I-bands (I1 to I3). Band M6 saturates over DCC and is not considered in this work. The residual RVS effects in the SDR product will also be evaluated by comparing reflectances from different AOIs. The long-term drifts and the residual RVS effects in SDR reflectance over DCC for VIIRS RSB will be monitored to support future improvements in the VIIRS SDR products. Section 2 briefly describes the methodology of DCC identification, DCC reflectance derivation, and an empirical BRDF correction. Section 3 discusses the stability assessment results, the residual RVS effect exploration results, and the comparison results between DCC and deserts. Section 4 summarizes major results from this study. This study is an improvement to the work presented by Mu et al. 26 
Methodology
This section describes the data source and preprocessing, DCC identification criteria and process, and the BRDF method to correct reflectance over DCC samples. 
Background and Data Preprocessing
LSIPS VIIRS SDR for RSB are generated by calibrating VIIRS RDR using calibration coefficients F-factor derived from the onboard SD and lunar observations 12 and prelaunch RVS. 16 The VIIRS SDR products are further used by downstream users to generate science datasets. VIIRS SDR products for RSB provide data for 11 M-bands (M1 to M11) and three I-bands (I1 to I3). The purpose of this study is to assess the long-term stability of SDR reflectance data and to explore the residual RVS effects in LSIPS VIIRS SDR reflectance product using DCCT.
To downsize the large volume of daily global data, EV data from LSIPS V5000 C1 VIIRS SDR products over the eastern Indian and western Pacific Oceans (30°S to 30°N and 95°E to 175°E) are utilized to identify the DCC samples for stability analyses and residual RVS effect detection. The reflectance data in LSIPS VIIRS SDR products are used in this study. M15 (10.26 to 11.26 μm) provides brightness temperature (BT) measurements required for DCC pixel identification. I5 (11.45 to 1.9 μm) can also provide BT. The CW and BW of M15 are 10.763 and 1.0 μm, 11.45 and 1.9 μm for I5, respectively. In this study, we aggregate the 375-m I-band reflectance data into 750-m data, which has the same spatial resolution as M-bands. The spectral width of 1.9 μm for I5 is much wider than 1.0 μm for M15. The spectral band design noise specification is 0.07 K for M15 BT and 1.5 K for I5 BT. 2, 10 Chang et al. 20 found that the DCC identification using M15 BT has a tighter constraint than using I5 BT. To minimize the misidentification of DCC samples caused by the difference in the BT between M15 and I5, the M15 BT is used for identification of DCC for both the M-bands and the aggregated I-bands. The geolocation data for M-bands are also used for the aggregated I-bands. The SDR data covering the time period from February 2012 to June 2018 are used to assess the long-term calibration performance and residual RVS effects of VIIRS RSB.
In each LSIPS VIIRS SDR granule, the HAM AOIs range from 29.0 deg to 56.6 deg with the full EV view angles between −56 deg and 56 deg, and frame numbers range between 1 and 3200. All the frames along each scan are divided into the six aggregation zones (Z1 to Z6) 27 according to the frame numbers as shown in Table 2 for the M-bands and aggregated I-bands. The relationship between frame numbers, scan angles, and AOIs is described by Baker.
6,27
The AOI of one frame along track is calculated as in Eq. (1):
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where f is the frame number. Table 2 shows the ranges of frame numbers, scan angles, zenith angles, and AOIs in Z1 to Z6. Reflectance data over DCC samples are utilized to assess the longterm trending of SDR products and the residual RVS effects in the six zones. The pixels impacted by the bow-tie effects 27 are excluded in the DCC identification process. The latitude is limited between (30°S and 30°N) to identify DCC in the tropical region.
The Earth's surface scatters radiation in an anisotropic manner, especially at the shorter wavelengths. The BRDF specifies the behavior of surface scattering as a function of illumination and view angles at a particular wavelength. 28 In this study, an empirical BRDF correction based on the reflectance over February 2012 to January 2017 for each M-band is performed to adjust the view and illumination angle effects on the SDR reflectance product. For the I-bands, the BRDF correction is performed using the coefficients derived for their corresponding M-bands with close CWs. More details can be found in Sec. 2.2.2.
Application of DCCT

Identification of DCC
DCC are clouds undergoing intense convection. They are the coldest natural earth targets in the tropics and can be easily identified using a BT threshold from an infrared (IR) band. 29 The advantage of the DCCT over clear-sky surface based sites is that DCC are at the tropopause level, where the atmospheric effects such as absorption are significantly reduced with the exception of stratospheric aerosols. They are bright Earth targets illuminated via a greater sun elevation angle in the tropics as compared with the oblique sun angles at Dome-C and therefore have a greater signal-to-noise ratio (SNR). 30 DCC can be treated as solar diffusers, which have predictable and near Lambertian albedos. 29 The first step of DCC identification process is to use the threshold value of 210 K for VIIRS 11-μm M15 brightness temperature (BT11) to identify the potential DCC. 31 The DCC samples with reflectance impacted by saturation or bow-tie effects 27 are excluded from further analyses. The latitude is limited between (30°S and 30°N) to identify DCC in the tropical region. In the second step, to avoid pixels that contain DCC cloud edges and anvils, a uniformity test is performed over a 3 × 3 pixel block surrounding the centered DCC pixel (750-m spatial resolution). Doelling et al. 29, 32 recommended using the reflectance at 0.65 μm and BT at 11 μm to do the uniformity test for MODIS. The center DCC pixel is rejected if the spatial standard deviation (STD) of BT11 from M15 over the 3 × 3 pixel block is >1 K, or if the spatial STD of reflectance from M5 at ∼0.67 μm for M-bands, from I1 at the ∼0.64 μm for I-bands, is >3% of the average reflectance over the 3 × 3 block. The uniformity test is necessary to choose the high-quality DCC pixels. The final step of the DCC identification is to choose the actual DCC pixels using the criterion of BT11 smaller than the threshold value of 205 K.
BRDF Correction
The stability of the SDR reflectance products is checked based on the mean reflectance or the mode reflectance obtained from the probability distribution function (PDF) of reflectances over DCC collected over a certain time period. 32 Doelling et al. 32 found that the mode statistic is superior to the mean statistic when there are sufficient DCC samples and the PDFs are smooth. In this study, the mode reflectances are used to assess the performance of RSB calibrations. Monthly time interval is used as the DCC sample collection time period for each mode reflectance data. Figures 3(a) and 3(c) show the PDFs of monthly reflectances over DCC in each May over study time period February 2012 to June 2018 for M5 (CW 0.672 μm) and I1 (CW 0.64 μm) in Z3 around nadir where the bow-tie effect is small 27 and the zenith angles are <40 deg (Table 2 ).
To minimize the potential impact of the BRDF effects on the reflectances at different wavelengths over the DCC, an empirical BRDF correction is performed to correct the reflectance data. First, solar zenith angle (SZA), view zenith angle (VZA), and relative azimuth angle (rela-AZ) are evenly divided into 18 × 18 × 18 bins, with a resolution of 5 deg ×5 deg ×10 deg for each bin. The DCC samples over the 5-year time period February 2012 to January 2017 are distributed into these angular bins according to their angles. Due to the insufficient DCC samples for some bins, the mean reflectance instead of the mode during the five years for each M-band is calculated to derive the BRDF correction coefficient for each angular bin. Second, at each DCC pixel, the equivalent BRDF-corrected reflectance is calculated as the ratio of the reflectance to the average BRDF coefficients over all the neighboring bins with maximum seven bins containing valid BRDF coefficients for each M-band. The seven possible bins for correction include the one close to the DCC pixel, two neighboring bins along the SZA direction, two along the VZA direction, and two along the rela-AZ direction. For three I-bands I1 to I3, the BRDF coefficients are from M5, M7, and M10, which have the closest spectrum to their corresponding I-bands, respectively. Figures 3(b) and 3(d) show the monthly PDFs of BRDF-corrected reflectance in each May for M5 and I1 corresponding to PDFs of reflectance in Figs. 3(a) and 3(c) for Z3. The PDFs are smoother after the BRDF correction. The temporal STDs of monthly mode reflectances over DCC are reduced from 1.01% to 0.92% for M5, and from 1.12% to 0.92% for I1 in Z3. The trend is 0.47% for M5 and reduces from 0.65% to 0.52% for I1. More results for all the study RSB are discussed in Sec. 3.
Results and Discussions
BRDF Correction
Evaluation of BRDF correction
To evaluate the performance of the empirical BRDF correction method, the Hu-BRDF correction coefficients for MODIS 0.65-μm band 1 [30] [31] [32] are used to do the BRDF correction for 0.67-μm RSB M5. In each aggregation zone, a linear regression of reflectance against time is carried out to obtain the slope over the time period February 2012 to January 2018. The trend in reflectance is the percentage of change in slope from mission beginning. The time series of normalized reflectance data (in black), the VIIRS BRDF-corrected reflectance data (in red), and the MODIS Hu-corrected reflectance data (in blue) during February 2012 and June 2018 in Z3 are compared as an example to show the performance of the BRDF correction methods in Fig. 5 . The STD and trend are labeled in Fig. 5 for each dataset. Both BRDF corrections reduce the standard error in DCC reflectances. The Hu-BRDF correction based on MODIS band 1 decreases the STD from 1.01% to 0.64% and to 0.92% by the empirical BRDF in this study. However, the trend after Hu-BRDF correction increases from 0.47% to 0.67%. This indicates that the Hu-BRDF correction model can reduce the uncertainty in reflectance but can affect the long-term stability in band M5. The difference between these two BRDF-corrected reflectances might be caused by these reasons. (1) The data sources used to derive the BRDF correction coefficients are different. The data source for the BRDF coefficients is from SNPP VIIRS SDR reflectance product and from MODIS band 1 for Hu-BRDF correction. There might be system shifts between two reflectance products at 0.65 μm. (2) The two BRDF models use different methods to derive the BRDF coefficients and to apply the BRDF coefficients. The method for the BRDF correction is empirical as described in Sec. 2. The Hu-MODIS correction is based on Hu et al.'s method. 31 Hu et al. 31 considered the anisotropy factor, the solar zenith dependences of albedo for DCC, and solar irradiance in their model to derive the planetary reflectances. In addition, the Hu-MODIS BRDF coefficients are derived using the MODIS DCC samples at nadir with SZA and VZA <40 deg. In summary, compared with the original monthly mode reflectance, the BRDF correction method in this study proves to be able to reduce the BRDF effects and to evaluate the stability of the SDR products for M5 more effectively than does the Hu-BRDF correction method. As the Hu-BRDF correction only works for MODIS VIS/NIR bands, 30 and there is difference in spectral wavelengths between SNPP VIIRS and MODIS RSB, extending the MODIS-based Hu model correction to other SNPP VIIRS bands is not feasible. Therefore, to assess the stability and to explore the residual RVS effects with minimal impacts from BRDF effects for select RSB in VIIRS SDR reflectance products, the empirical BRDF correction in Sec. 2 is applied to all VIIRS DCC samples in this study.
Comparison of reflectance and BRDF-corrected reflectance
To check if the BRDF correction improves the reflectance over DCC, the trends and STDs of reflectances and BRDF-corrected reflectances over DCC are compared in Fig. 6 . The BRDF correction results in a more stable result by reducing the magnitudes of trends. Furthermore, the standard errors in DCC reflectances for most bands in most zones, especially in the edge zones such as Z1to Z2 and Z5 to Z6, are also reduced. The BRDF effects in the nadir zones Z3-Z4 are not as significant as in the edge. The specifications for the calibration accuracy at typical scenes are 2% for M1 to 11 and I1 to 3. 6 The trends and standard errors after the BRDF correction are <2% in all zones for most RSB. The results indicate that the BRDF-corrected reflectances satisfy the specifications for the calibration accuracy, except band M9. The BRDF-corrected reflectance is used to assess the residual RVS effects in Sec. 3.2. Figure 6 also shows that the largest fluctuations in monthly mode reflectances are with the SWIR bands M9 to 11 and I3 before and after the BRDF correction. M8 is an SWIR band, but it has the low fluctuations in reflectance as those for other VIS/NIR bands. The standard errors for M9 are >2%, the specified accuracy specification. There are several reasons for the high fluctuations in long-term reflectances for M9 to 11 and I3 but low fluctuations for M8.
1. The particle size and optical depth in the clouds have the largest impacts on reflectance for the SWIR bands M10 and I3 at 1.61 μm and M11 at 2.25 μm, followed by M9 at 1.378 μm, and the smallest impacts on the other RSB. [33] [34] [35] There is geographical variability in particle size and optical depth. 33 Low optical depth can correspond to thin clouds with large particle size. 33, 36 The uncertainty specification 0.07 K in BT in M15 2,10 can misclassify other clouds as DCC with varying cloud temperatures. As shown in Fig. 2 , the BT from M15 over DCC can be as low as 185 K or even lower, resulting in a large range in DCC temperatures, and hence particle sizes and optical depth. The effective ice particle sizes in DCC decrease with cloud temperatures. 36 Generally, smaller particles in DCC have higher reflectances. 34 The variations in cloud particle sizes and optical depth induce the largest uncertainty in reflectance over DCC for M10 to M11 and I3, followed by M9, and the least for M8 and other VIS/NIR bands. 2. The spectrum of M9 is similar to MODIS band 26 at 1.378 μm, which are both designed for cirrus cloud detection. The 1.378-μm VIIRS M9 is a strong water vapor absorption band as MODIS band 26. 34, 35 In the DCC identification, using a lower BT11 threshold is more reliable to detect convective cloud cores than using a higher BT11 threshold. The convective cores of DCC contain less water vapor than the DCC edges and cirrus clouds misidentified as DCC. The variations in water vapor volume in DCC cause significant noise in reflectance over DCC for M9 due to the strong water vapor absorption to the radiance. 35 The impacts of fluctuated water vapor volume on the reflectance are insignificant for the 1.61-μm M10 and I3, the 2.25-μm M11, and the 1.24-μm M8. 28 For M9, in most zones, the BRDF correction does not change the trends or the errors significantly for M9. The combined impacts on the reflectance from particle size and atmospheric water vapor absorption induce the largest uncertainties in M9, followed by M10, I3 and M11, and the least uncertainties for M8. The combined impacts from varying atmospheric particle size and water vapor absorption are more significant than the impacts from BRDF effects for M9; hence, the BRDF correction does not change the stability or the errors much in most zones for M9.
RVS Effect Assessment
Scan angle dependency
The HAM has a scan-angle-dependent AOI variation from 29.0 deg to 56.6 deg over the full EV scan angle. The frames in the VIIRS SDR products correspond to the HAM AOIs. 18, 27 To explore the residual RVS effects in the SDR reflectance products, the 750-m DCC samples for M-bands and aggregated I-bands are divided into the six aggregation zones Z1 to Z6 according to the frame numbers as shown in Table 2 .
As described in Sec. 2.2.1, reflectance in M5 for M-bands and reflectance in I1 for I-bands are combined with brightness temperature in M15 to identify DCC samples. The monthly numbers of DCC samples for M5 in the six aggregation zones are shown in Fig. 7 . There are sufficient DCC samples (more than one million) for each month and each frame zone. The temporal trend in DCC numbers is negligible in each zone and the seasonal fluctuations in the DCC number are similar in Z1 to Z6. The DCC sample sizes are close in the four middle zones Z2 to Z5; however, the DCC sample sizes are larger in the two end zones Z1 and Z6 than in others. In the VIIRS SDR product nadir Z3 to Z4, three detectors along scan with a horizontal resolution of 0.259 km are aggregated to form a single VIIRS pixel for M5. 27 In Z2 and Z5, two detectors are integrated into one VIIRS pixel. At either end of a scan in a granule, the footprint of the pixel size along track by cross track is 1.60 km × 1.58 km for M5. In addition, three-dimensional (3-D) cloud effects on the observed radiance dramatically increase for oblique views, especially for DCC. 37 The satellite cloud optical thickness retrievals are much higher under oblique views than under overhead views if clouds are inhomogeneous. The radiative effect of cloud sides viewed at oblique angles contributes most to the enhanced optical thickness values. 38 An increase in the optical thickness results in higher reflectance and lower 11-μm brightness temperature. These are the possible reasons for the increase in the DCC sample sizes at the two end frame zones Z1 and Z6, respectively. 
RVS effect assessment using DCC
The BRDF effects affect the reflectance with larger AOIs as BRDF specifies the behavior of surface scattering as a function of illumination and view angles at a particular wavelength. 28 The comparison of trends and errors in reflectance before and after the BRDF correction shown in Fig. 6 indicates that the application of the BRDF correction improves the stability by reducing the trends and reduces the standard errors of reflectances for most RSB except for M9 in Z1 ro Z6. The reductions in the standard errors by BRDF correction are most significant at the edge zones Z1 and Z6 for all the RSB including M8 and M9. The time series of BRDF-corrected monthly DCC reflectances with their linear regression lines are shown in Fig. 8 , and trends and STDs are listed in Table 3 for all selected RSB in the six zones. After the BRDF correction, the difference in standard errors between the six frame zones is small for each RSB (Figs. 6 and 8, Table 3 ). This indicates that the BRDF correction can effectively exclude the uncertainty caused by the BRDF effects at different view angles. The BRDF-corrected reflectances over DCC are more precise to detect the residual RVS effects and are used to investigate the residual RVS effects in VIIRS SDR for each RSB in this study. Figure 8 and Table 3 show that the magnitudes of trends are greater than their corresponding standard errors in DCC reflectances for M4 to M5 in Z1 and Z5 to Z6, and I1 and M7 in Z6. The RSB calibrations might not be complete for these RSB at these AOIs, which require for further attentions in the future calibrations. Substantial ranges in trends exist among different frame zones for most RSB. As F-factor is the same in all zones for a given band at a given time, the unconsidered change in RVS with time might be the reason for the large variation in trends between different aggregation zones. Currently, the RVS is measured prelaunch. As the mission continues, the differences in reflectance drifts caused by the residual RVS will induce higher differences in reflectances between different zones. Further analyses to detect the residual RVS effects in SDR reflectance products are necessary as in the following Sec. 3.2.3. Table 4 . At each desert frame, the reflectance data in a 20 × 20 km window centered at the specific desert site are collected and averaged at each HAM side from repeatable orbits every 16 days. A semiempirical BRDF model based on Roujean et al. 39 is used with site-specific coefficients determined from the data over the first three years of the mission. 25 The BRDF corrected reflectances are used to track the stability over the 13 frames. A linear fit is applied to the data at each frame to determine the overall drift. The SWIR band M9 is not monitored using desert data due to the strong water vapor absorption effects. As the uncertainty in DCC reflectance is large, between 2% and 4%, for M9 as listed in Table 3 , the residual RVS effects on M9 are not explored in the following study.
Comparison of residual RVS effects between DCC and deserts
The ranges of frames, scan angles, and AOIs for Z1 to Z6 in the SDR product are shown in Table 2 . Except for only one frame 2245 at Egypt 1 is covered in the frame range for Z5, at least two desert frames are covered in each of the other aggregation zones. At each frame for each band, the trend is calculated as the percentage of change in the linearly fitted reflectance at June 2018 to that at February 2012. The temporal trends and fluctuations in reflectances at different desert frames (in red) are compared with those over DCC (in black) as shown in Fig. 9 . The trends with the STD bars over DCC overlap with those at desert sites in the same zone. This indicates that the desert stability assessment results agree with those from the DCC. Except for M10 and I3 that is affected by the varying particle sizes in clouds the most, DCC reflectances in each zone have less uncertainties than those at the neighboring desert sites in the same frame zone for all the other RSB. This indicates that the DCC results are more reliable than those from the deserts for most RSB except for M10 and I3. In Fig. 9 , the magnitudes of trends in desert reflectances for M2 in Z3, M3 in Z4, M4 in Z1, M5 in Z1 and Z6, M7 in Z3 and Z6, M8 in Z3, M10 and I3 in Z2 to Z4, and I1-I2 in Z6 are greater than their corresponding standard errors. The calibration for these RSB in these zones might not be completed and require for more attentions in future calibrations. A quadratic fitting is applied to the trends at June 2018 against AOIs over the six zones from DCC and over the 13 desert frames from desert sites, respectively. Figure 9 shows that the observed trends are evenly distributed beside the quadratic fitted lines along AOI from DCC and from deserts. The trends vary along AOIs and the trends with STD bars overlap at different AOIs. To evaluate the residual RVS effects on reflectance, a time-and AOI-dependent function, named DCC-RVS and desert-RVS, is derived by applying a quadratic fit (as a function of AOI) to the linearly fitted reflectances from each site normalized to February 2012. The reflectance is RVS corrected as divided by the RVS at a given time. Figure 10 reflectances at different frames is reduced. The RVS correction from deserts is most significant for bands M1 to M4. This indicates that considering time-dependent RVS might improve the long-term stability of the VIIRS data and also reduce the deviations in reflectance observed at different AOIs.
Conclusions
In this study, the performance of VIIRS calibrations for SDR reflectance product is assessed using DCCT for 10 M-bands (M1 to M5 and M7 to M11) and three I-bands (I1 to I3) over February 2012 to June 2018. An empirical BRDF correction is applied to SDR reflectance data over DCC and reduces the STD difference between different AOIs. The empirical BRDF correction method reduces the uncertainty in reflectance and increases the stability of the reflectance products for most RSB. The BRDF-corrected reflectances are used in this study to evaluate the stability of the VIIIRS SDR reflectance products and to explore the residual RVS effects at different AOIs. The major findings about the stability assessment and RVS effect exploration from this study include the following.
1. The reflectance trends satisfy the specifications for the calibration accuracy for most bands. However, the magnitudes of trends are marginally greater than their corresponding standard errors in DCC reflectances for M4 to M5 in Z1 and Z5 to Z6, and I1 and M7 in Z6, and in desert reflectances for M2 in Z3, M3 in Z4, M4 in Z1, M5 in Z1 and Z6, M7 in Z3 and Z6, M8 in Z3, M10 and I3 in Z2 to Z4, and I1 to I2 in Z6. The RSB calibration might not be adequate at these AOIs and requires for further understanding. 2. The desert stability assessment results agree with those observed from the DCC. DCC reflectance in each aggregation zone has less uncertainty than desert sites in the same frame zone for all the RSB except for M10 and I3 that are most affected by the varying particle sizes in clouds. This indicates that the DCC results are more reliable than those from the deserts for most RSB except for M10 and I3. 3. The residual RVS function is derived as a quadratic fit of reflectance against AOIs at a given time. The RVS correction improves the stability and reduces the differences at different AOIs for all the RSB, especially for the VIS/NIR bands M3 to M5, M7 and I1 using the DCC method.
In summary, the BRDF correction can effectively reduce the BRDF effects on DCC reflectances. BRDF-corrected reflectances over DCC should be utilized in the future operational stability assessments and RVS effect assessment for VIIRS SDR products. BRDF-corrected DCC reflectances are more stable compared with BRDF-corrected desert observations and are recommended for stability assessment and residual RVS exploration. As the mission continues, the differences in trends from different AOIs will result in larger differences in reflectances. Continuing monitoring of on-orbit RVS stability and its effects on VIIRS SDR reflectance product is necessary with the DCC approach in the future calibration consideration.
College Park. He is an optical physicist at the National Aeronautics and Space Administration (NASA), Goddard Space Flight Center (GSFC), currently serving as the MODIS Project Scientist and the technical lead for both the MODIS Characterization Support Team (MCST) and the VIIRS Characterization Support Team (VCST). Before joining the NASA/GSFC, he had also worked in the fields of optical instrumentation, nonlinear optics, laser and atomic spectroscopies, and resonance ionization mass spectrometry at universities, industry, and the National Institute of Standards and Technology (NIST).
Tiejun Chang received his MS degree in computer science from Montana State University and his PhD in optics from the University of Paris-Sud, France. His work focuses on radiometric calibration and validation of satellite remote sensor and has experience on MODIS, VIIRS, AVHRR, and GOES-R/ABI. He is working with MODIS and VIIRS Characterization and Support Teams at the National Aeronautics and Space Administration (NASA), Goddard Space Flight Center (GSFC).
Aisheng Wu received his BS degree in atmospheric science from the University of Science and Technology of China, Hefei, China, and his MSc degree in atmospheric remote sensing from the Chinese Academy of Science, Institute of Plateau Atmospheric Physics, Lanzhou, China, and his PhD in biometeorology/soil physics from the University of British Columbia, Vancouver, BC, Canada. Currently, he is with both MODIS and Visible Infrared Imaging Radiometer Suite (VIIRS) Characterization and Support Teams at the National Aeronautics and Space Administration (NASA), Goddard Space Flight Center (GSFC).
